Alfalfa and orchardgrass herbages of similar digestibility were harvested at early and late maturity from primary growth and conserved as direct-cut silage using formic acid and formaldehyde simultaneously. Major compositional differences between the silages were lower NDF (principally hemicellulose) and a greater N content in alfalfa than in
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Ruminants given ad libitum access to harvested legumes or allowed to graze legumes have more rapid ADG than those fed grass (Thomson, 1979) . Greater intake of legumes than grasses at the same digestibility (Van Soest, 1965; Demarquiuy and Jarrige, 1974 ) is one factor that produces more rapid gain. Forage NDF concentration is the best single predictor of intake (Van Soest, 1%5; Osboum et al., 1974) . A second factor contributing to more rapid ADG from legumes than from grasses is a greater efficiency in converting ME to NE (Joyce and Newth, 1967; Rattray and Joyce, 1974; Thornson, 1975 ; Thomson and Cammell, 1980; Margan et al., 1985) . although this difference is not universally accepted (Greenhalgh and Wainman, 1980) . The potential cause of any difference in efficiency is even more controversial. In some experiments, the ADG was more highly correlated with amino acid absorption than with energy absorbed as VFA (MacRae and Ulyatt, 1974) , and protein was considered to limit production on grass (Black et al., 1976) ; however, Armstrong (1982) considered that ADG would be limited by shortages of protein only for the young, growing ruminant. Webster (1980) considered the causes of differences in efficiency to be a greater proportion of acetic acid and a greater load of gut contents.
The objective of our experiment was to compare intake, growth, and tissue retention by Holstein steers fed alfalfa or orchardgrass silage, with similar digestibility, harvested at two maturities, by using comparative slaughter techniques.
Experlrnental Procedure
Forages. Alfalfa (Medicago sativa var. Arc) and orchardgrass (Ductylis glomerafa var. Potomac) were harvested by direct cutting of primary growth herbage at two dates and ensiled to produce silages of early and late maturity with similar digestibility. Alfalfa of P2O5 and 196 kg of K20 per hectare in March. Alfalfa was harvested on May 8, 1979, at one-tenth bloom and on May 22 in full bloom Orchardgrass was harvested on May 7 at one-third ear emergence and on May 21 at full ear emergence. Silages will be referred to as early alfalfa (EA), late alfalfa (LA), early orchardgrass @O), and late orchardgrass (LO). Herbage was chopped (6 mm) by a selfpropelled forage harvesterg, treated with formic acid and formaldehyde at the blower, and ensiled in tower silos. Application rates of formic acid on fresh forage were EA, .272; LA, .360; EO, .376; and LO, .386% and of formaldehyde were .101, .la, .115, and .0985%, respectively. Weighing, sampling, and DM determinations were conducted as described by b r i n g et al. (1991) .
Animals. Sixty-one Holstein steers were reared commercidy until they reached 7 to 10 mo of age. To reduce effects of differences in intake on body composition and to reduce differences in organ sizes and maintenance requirements (Koong et al., 1982) . primary growth, direct-cut orchardgrass silage treated with formic acid at .41% on a fresh basis was fed at 70 g of DM/kg.75 BW to the steers for 2 mo before beginning the experiment. During this time, steers were dewormedQ and were weighed weekly.
Fortyeight steers were selected and blocked into eight blocks on the basis of BW, and six animals within a block were allocated randomly to an initial slaughter group, one of four experimental treatment groups, and a concurrent calorimetry group. The eight steers per experimental treatment group had ad libitum access to either EA, LA, EO, or LO. Steers were from 9 to 12 mo of age and weighed fkom 178 to 266 kg at the beginning of the experiment. One steer was replaced in the EO group by another steer from the original group because of death from causes unrelated to treatment.
Feeding and Management. trace mineral saltlo blocks also were available. Steers were weighed before feeding on the last 6 d of the preliminary period, the average of those six weights was taken as the initial BW. The steers were weighed before feeding at weekly intervals during the experiment to monitor individual animals. At the end of the experiment, steers were weighed on three consecutive days before feeding, and the average was taken as the final BW. Steers were fasted 24 h, but with access to water, before slaughter.
Slaughter and Sampling. Blocks of four animals were slaughtered on a given day by proceeding from the heaviest to lightest block based on the initial BW and irrespective of final BW. One block per day was slaughtered on two consecutive days per week for four successive weeks. Identical procedures and timing were used. After the 24-h fast, steers were weighed at 0700 to obtain the fasted BW, transported to the abattoir, and sIaughtered in random order during the next 3 to 4 h. Each animal was treated as the sum of the carcass and noncarcass, which included blood, internal organs, head, hide, and feet. All blood was collected, weighed, and incorporated at the time of grinding the noncarcass fraction. Weights of ruminoreticular and omasal plus intestinal contents were the differences in weights before and after the contents were washed out. Gut content was the fasted BW minus the empty BW (EBW) (i.e., it included the ruminoreticular contents, omasal and intestinal contents, bile, urine, excretions while waiting for slaughter, and any weighing errors). Fasting loss was fed BW minus fasted BW. ' For grinding, sampling, chemical analyses, and summarization, EBW was considered as carcass plus noncarcass. The carcass was split down the middle and each half was weighed to the nearest 50 g, chilled for 2 or 3 d, and reweighed. Loss of weight during chilling was considered water. The whole right half was ground" by passing it twice through plates with holes of 19-mm diameter and three times through a plate with holes of 13-mm diameter. The same grinding procedures were used for the noncarcass fraction, which was ground fresh on the day of slaughter. For both carcass and noncarcass fractions, four 900-to 1,OOO-g samples were taken as the material was expelled from the grinder for the final time. Samples were weighed immediately, stored frozen if necessary, and freeze-dried12 for the determination of DM. Dried samples were prepared for laboratory analyses by blending all four samples with dry ice. The single composite sample and dry ice were further ground either through a l-mm screen13 or in a high-speed impact grinder14 before analysis. All analyses were determined in quadruplicate. Samples were ashed at 600'C for 16 h, and total N was determined by macro-Kjeldahl (AOAC, 1975) , ether extract by AOAC (1 975) modified to use a sample of 5 to 7 g, and GE by adiabatic bomb calorimetry. Sampling of ensiled herbage, silage, and orts and the analytical methods used in the present experiment were similar to those described by Goering et al. (1991) .
Energy and Tissue Retention. The comparative slaughter technique was used to estimate retention of fat, protein, energy, DM, ash, and water in the EBW of steers fed the four silages. Initial composition and energy content of the EBW of the steers that were killed after feeding the four silages were estimated from the initial slaughter group. Initial EBW was estimated from initial fasted BW, and then initial composition and energy content were estimated from initial EBW by linear regression in two successive steps.
Sratistical Analyses. Silage compositional data were analyzed by ANOVA as a completely random design using a factorial separation of four treatments as alfalfa vs orchardgrass species, early vs late maturity, species x maturity interaction, and residual error. Body weight and its components were analyzed by ANOVA as a randomized block design using a separation of five treatments as individual df contrasts of initial slaughter group vs all others, alfalfa vs orchardgrass species, early vs late maturity, species x maturity interaction, and block and residual error. The ADG and its components were analyzed by ANOVA as a randomized block design using a factorial separation of four treatments as alfalfa vs orchardgrass species, early vs late maturity, species x maturity interaction, and block and residual error. All ANOVA and regression computations were performed by the SAS (1985) GLM procedure using Type 1 sums of squares.
Results and Discussion
Chemical Composition of Silages. Several differences in the composition of silages occurred between species and between maturities ( Table 1) . Alfalfa silages had greater (P c .001) DM than did orchardgrass silages.
Alfalfa silage contained less (P c .OS) energy and sugars soluble in 70% ethanol and less (P c .001) NDF, hemicellulose, and cellulose, but more (P c .001) ADL than did orchardgrass silage. Alfalfa silage contained more (P c .001) N and N H 3 N but less (P c .001) hotwater-insoluble and ruminally insoluble N than did orchardgrass silage. Alfalfa silages had lower (P c -001) pH and butyric acid but greater (P c .001) total and lactic acids than did orchardgrass silages. Large differences in silages as a result of species were that orchardgrass contained 47% more NDF, 358% more hemicellulose, and 77% as much N relative to alfalfa. These greater concentrations of NDF and hemicellulose in orchardgrass than in alfalfa are consistent with the generally greater concentrations of NDF and hemicellulose in grasses than in legumes (Van Soest, 1%5). Early maturity silages contained less (P < .001) NDF, cellulose, and ADL and less (P c .05) hemicellulose than did late maturity silages. Early maturity silages contained more (P c .001) energy and sugar than did late maturity silages. Further, early maturiq silages contained more (P c .001) N, hot-waterinsoluble, and ruminally insoluble N than did late maturity silages. Early maturity silages had lower pH (P < .01) and butyric acid (P < .05) but greater (P c .001) total and lactic acids than did late maturity silages, Several compositional interactions of species and maturity occurred. Maturity of alfalfa decreased GE (P < .01) but increased NDF (P c .001) more than maturity of orchardgrass did. Maturity of alfalfa decreased (P c .001) hot-water-insoluble and ruminally insoluble N, as a percentage of DM, less than maturity of orchardgrass did. Maturity of alfalfa increased (P < .001) hemicellulose, sugar, hot-waterinsoluble, and ruminally insoluble N, as a percentage of N, but maturity of orchardgrass decreased them. Maturity of alfalfa increased N H 3 N, as a percentage of N, (P < .05) less than maturity of orchardgrass did. Maturity of alfalfa decreased total acids (P c .001), lactic acid (P c .001), acetic acid (P c .001), propionic acid (P < .Ol), and butyric acid (P < .001), but maturity of orchardgrass increased them.
Intake, Growth, and Eficiency. Intake, growth, and feed efficiency data are presented in Table 2 . Digestibility (EA, 64.5; LA, 56.2; EO, 64.2; LO, 55.6%) of energy and ME/DE (EA, 328; LA, .823; EO, 336; LO, 337) from steers fed at 70 g of DM/kg-" of BW in a companion calorimetry experiment (Tyrrell et al., unpublished data) were used to calculate DE and ME intakes of our steers with ad libitum access to feed. Similar intake differences did not affect digestibility and metabolizability .
To calculate the energy available for growth, four assumed values were used for the maintenance requirement of steers. Constant maintenance requirements per unit of metabolic BW were 140 kcal of M134cg-75 BW (Tyrrell et al., unpublished data) and 168 kcal of Dmg." BW, using -E = 331 (Tyrrell et al., unpublished data) . Mean steer BW varied among treatments, so a variable ME and DE for maintenance were calculated relative to BW as described by Blaxter (1962) . Variable fasting metabolism, as a function of BW, was calculated from five pairs of data using BW, as kilograms, and fasting metabolism, as kilocalories/kilogram of BW (94, 39; 146, 36; 148, 34; 210, 27; and 383, 19) from Blaxter (1962; table 18 ). These five pairs were selected to cover the BW range in our data and give the tabular values for fasting metabolism as kilocal~ries/kilogrm~~ of BW given in Blaxter (1962;  Daily DMI (kgld) was 33% greater (P < . 0 1 ) for steers fed alfalfa than for steers fed orchardgrass, and this difference was 25% with DMI expressed as a p e n t a g e of BW. Daily NDF intake as a percentage of BW was greater (P < .001) for steers fed orchardgrass than for steers fed alfalfa. Daily intakes of DE (McaVd) were 33% greater (P c ,001) for steers fed alfalfa than for steers fed orchardgrass, and this difference was 27% with DE intake expressed relative to metabolic BW. Daily intakes of ME (McaVd) were 31% greater (P < .001) for steers fed alfalfa than for steers fed orchardgrass, and this difference was 25% with ME intake expressed relative to metabolic BW. Using the constant maintenance requirement, daily DE for growth was 100% greater (P c .00l) and M E for growth was 94% greater (P < .001) for steers fed alfalfa than for steers fed orchardgrass. Using the variable maintenance requirement, daily DE for growth was 98%
greater (P c .001) and ME for growth was 91% greater (P c .001) for steers fed alfalfa than for steers fed orchardgrass. Steers fed alfalfa silage gained 32% more (P < .001) than steers fed orchardgrass and 26% more (P < -001) when gain was expressed as grams/ of BW. Gross efficiencies based on either DE or ME were not different (P > .05) between alfalfa and orchardgrass. When maintenance was constant relative to metabolic BW, steers fed alfalfa gained 58% as much per unit of DE for gain and 61% as much per unit of ME for gain as steers fed orchardgrass.
When maintenance was variable relative to metabolic BW, steers fed alfalfa gained 60% as much per unit of DE and 62% as much per unit of ME as steers fed orchardgrass.
Daily DMI was 10% greater (P < .01) for steers fed early marurity than for steers fed late maturity silages. Daily NDF intake as a percentage of BW was greater (P < .Ol) for steers fed late maturity than for steers fed early maturity silages. Daily intakes of DE were 29% greater (P < .001) for steers fed early maturity than for steers fed late maturity silages, and this difference was 26% when DE intake was expressed relative to metabolic BW. Daily intakes of ME were 30% greater (P < .001) for steers fed early maturity than for steers fed late maturity silages, and this difference was 26% when ME! intake was expressed relative to metabolic BW. Using the constant maintenance relative to metabolic BW, DE for growth was 90% greater (P < .001) and ME for growth was 92% greater (P < .001) for steers fed early maturity than for steers fed late maturity silages. Using the variable maintenance relative to metabolic BW, DE for growth was 87% greater (P c .001) and ME for growth was 89% greater (P < .001) for steers fed early maturity than for steers fed late maturity silages. Steers fed early maturity silages had 25% greater (P < .001) daily gain than steers fed late maturity silages; this difference was 22% when gain was mpressed relative to metabolic BW. Gross efficiencies based on either DE or ME were not different (P > .05) between early and late maturities. Using the constant maintenance relative to metabolic BW, DE, or ME for growth produced 58% as much gain when steers were fed early maturity as when steers were fed late maturity silages. Using the variable maintenance relative to metabolic BW, DE, or ME for growth produced 59% as much gain when steers were fed early maturity as when steers were fed late maturity silages. Important production differences occurred between LA and EO. Ad libitum DMI of LA was greater than that of EO even though it was cut 2 wk later. Ad libitum DE and ME intakes of LA were equal to EO even though LA had a lower digestibility ("yrrell et al., unpublished data). The LA produced more daily gain than EO.
Components of Body Weight. Mean recovery of components during slaughter was 100.6% of the preslaughter weight; the excess was assumed to be hydration, or undrained water, from washing the gastrointestinal (GI) tract. All components (P < .001) of BW, except lower GI contents (P < .Ol), were greater in steers fed experimentally than in those killed initially (Table 3) .
T he BW of steers fed alfalfa was 10%
greater (P c -001) than that of those fed orchardgrass (Table 3) . Subsequent composition data must be interpreted with the howledge that increasing B W increases the proportion of fat. Fasting loss was not affected (P > Body weight was greater (P < .001) when steers were fed early maturity than when they were fed late maturity silage (Table 3) . Fasting loss was not affected (P > .05) by maturity.
Final fasted BW were greater (P e .001) for steers fed early maturity than for steers fed late maturity silages. Steers fed early maturity silages had lower gut, fasted nuninoreticdar (P < .01), and fasted lower GI content (P < .001) than did steers fed late maturity silages. All tissue components of EBW were greater (P e .001), except ash (P < .05), when steers were fed early maturity vs late maturity silages. These maturity differences were expected because maturity was a main effect imposed by the treatments. The gut content difference resulting from mahuity was less than the difference resulting from forage species. A greater difference between alfalfa and orchardgrass occurrd in the nuninoreticulum than in the lower GI tract, whereas the difference between maturities was more nearly equally distributed between the ruminoreticulum and lower GI tract. This result suggests that a fasted BW taken after 24 h removes only a small proportion of total gut fill differences in the ADG of cattle fed forage diets. One interaction of forage and maturity occurred.
The more mature alfalfa increased (P e .05) gut contents to a greater extent than did the more mature orchardgrass. Proportional Components of Body Weight. Relative composition of BW was affected by BW, forage species, and maturity (Table 3) . Steers slaughtered initially had proportionally more (P < .001) water but proportionally less protein (P < .00l) and ash (P < .01) in FFM, proportionally less (P < .OOl) fat and energy per unit of EBW, plus proportionally more (P < .001) gut contents and proportionally less (P < .OO1) energy per unit of BW, than those steers that were killed after being fed experimental diets. = .9998 (n = 40) using multiple regression with no intercept. These calculations do not consider ash and therefore imply no energy deposition associated with ash deposition. These energy concentration data are less than 9.5 McaVkg for fat, but slightly more than 5.7 M c a g for protein from the theoretical calculation of Brouwer (1965). Differences in observed energy data from those suggested by Brouwer (1965) contribute to differences between calorimetric and slaughter-balance data.
Components of Average Daily Gain. Mean days on experimental diets were 130, with the exception of 128 d for the EO treatment. The ADG of steers fed alfalfa was 32% greater (P < .001) than for steers fed orchardgrass (Table   4) . Subsequent composition data must be interpreted with the knowledge that increasing ADG increases the proportion of fat. Daily gain of wet gut content was 47% less (P e .001) for steers switched from the preliminary diet of orchardgrass to alfalfa than for steers that continued on orchardgrass. As a result of this large difference in gut content, empty body gain (EBG) of steers fed alfalfa was 58% greater ( P < .001) than that of steers fed orchardgrass. In these data, the advantage for alfalfa relative to orchardgrass was greater for EBG than for ADG. In contrast, the advantage for formic acid-formaldehyde-mated silages relative to untreated silage was less for EBG than for ADG (Waldo and Tyrrell, 1980 Distribution qf Retained Energy. The most probable cause of compositional differences in the empty body include direct differences in silage carbohydrate or protein composition and their indirect effects on intake of the silages.
Steers fed alfalfa gained more protein than those fed orchardgrass but gained less energy in protein as a percentage of total energy gained. When daily component energy deposition was plotted as a function of total energy (TE) deposition (Figure 2 (1974) observed linear differences in component deposition as a function of total energy deposition when energy deposition varied as a result of differences in intaJte of two diets with different corn silage:conmtrate ratios. In our study, differences in energy deposition caused by diffmnces in intake seem to be the dominant cause of empty body compositional differences. The LO diet may have been marginally deficient in protein because the point for protein deposition is slightly below the regression line (Figure 2) . Feeding untreated orchardgrass (Waldo and Tyrrell, 1980) and untreated alfalfa (Waldo and Tyrmll, 1983) resulted in less deposition of protein energy and more fat energy than these same silages supplemented with protected protein when adjusted for total daily energy retained Although the LO diet p r o d u d the least protein deposition, it caused the greatest percentage of energy to be deposited as protein ( Table 4) . This contrast emphasizes the greater requirement for dietary protein relative to energy as dietary energy and consequent ADG decrease. Joyce and Newth (1967) observed greater energy and N tenti ions in sheep fed white clover than in sheep fed perennial ryegrass of nearly equal digestibility but slightly lower N concentration. Their differences between species for both energy and N retention increased as OM intake increased.
Individual data points for empty body protein as a function of EBW in our Holstein steers given ad libitum access to silages were very close (Figure 3) to the curve based on the
Holstein steers given ad libitum access to a diet containing 75% concentrate. Conversely, the empty body fat in our steers fed experimental diets was considerably less (Figure 4) than the curve based on the equation (fat = EB@) of Anrique (1976). Presumably, the energy concentration was less in our silage diets than in the 75% concentrate diets of are very consistent with our data. Daily protein and fat deposition in Holstein heifers (Waldo, 1988) was almost totally a function of daily total energy deposition and was not affected by higher energy, lower protein corn silage or lower energy, higher protein alfalfa silage diets. Untreated silages with too much degradable protein (Waldo and Tyrrell, 1980, 1983) decrease protein and h a w s e fat deposition, but excess dietary pratein will not increase daily protein deposition relative to energy deposition for a particular breed, sex, and weight.
Integrative Discussion of Steer and Heifer Dura. Our data and companion data of Goering et al. (1991) is consistent with the importance of NDF, even though treatment differences (P < .05) existed after variation resulting from this linear regression of DMI on NDF was removed.
Final gut fill as a percentage of BW in steers fed alfalfa was only 77% (Table 3) of that in steers fed orchardgrass, even though intake as a percentage of BW for alfalfa was 125% (Table 2) of that for steers fed orchardgrass. Lower gut fill for legumes than for grasses agrees with the smaller gut fill observed in sheep fed white clover than in sheep fed perennial ryegrass (Joyce and Newth, 1967; Rattray and Joyce, 1974) . exceeds the upper limit considered by ARC (1980) . An average ratio of 391 for mean EBW to mean BW was adopted by NRC (1984) , which implies less fill, presumably when concentrates are fed, than the minimum observed in our data. Dietary NDF might have value for predicting gut fill in ruminants (Waldo and Smith, 1987) .
The ADG on these four alfalfa silages was 140% of that on these four orchardgrass silages. In the slaughter experiment, ADG from two alfalfa silages was 132% of that from two orchardgrass silages. The EBG from two alfalfa silages was 158% of that from two orchardgrass silages because of differences in fill. Daily energy gain from two alfalfa silages was 180% of that from two orchardgrass silages because of merent energy concentrations in the EBW. Steers fed alfalfa silages retained 140% of the protein retained by those fed orchardgrass silages but only 71% (relative units) of the protein energy relative to total energy as retained by steers fed orchardgrass silages.
Calorimetric data (Tyrrell et with the efficiency observed in a slaughterbalance experiment with sheep (Rattray and Joyce, 1974) for white clover at 155% of that for perennial ryegrass and the efficiency observed in a slaughter-balance experiment with lambs (Thomson and Cammell, 1980) for red clover at 121% of that for perennial ryegrass. The larger percentage of total energy retained as fat on alfalfa silages is consistent with a greater efficiency from alfalfa. Calculated partial efficiencies (NXVenergy available for growth) from our conventional growth trial and from the growth trial of Goering et al.
(1991) were all lower for alfalfa than for orchardgrass and were not in agreement with values from calorimetry (retained energy/ energy available for growth). Partial energetic efficiencies can be calculated for the slaughter balance using the maintenance requirement of 140 kcal of ME/kg.75 from Tyrrell et al. (unpublished data). Results were as follows: early alfalfa, 33.6; late alfalfa, 35.9; early orchardgrass, 33.8; and late orchardgrass, 45.7%. This lack of agreement for partial efficiencies may be caused by differences in level of feeding, the effect of level of feeding on digestibility, gut fill differences and their effect on the energy concentration of BW gains, body compositional differences and their effect on energy concentration of live weight gains, and differences in the maintenance requirement.
Our experiments neither elucidated reasons for the greater energetic efficiency for alfalfa than for orchardgrass silage based on calorimetry nor explained apparent differences between calorimetric and slaughter-balance estimates of partial efficiency. Feeding two restricted intakes of alfalfa and orchardgrass silages indicated a greater partial energetic efficiency of alfalfa than of orchardgrass by calorimetry ) and slaughter-balance . Composition of the digested OM differed (TyrreU et al., unpublished data) in our comparisons of forage species and maturity. Based on distribution of GI contents (Table 3) Ulyatt, 1974 ) that more protein is absorbed from legumes than from grasses but that the protein supply is adequate to maintain expected protein deposition, except for the possibility of a shortage on the LO diet. The ADG on orchardgrass seems to be limited more by intake of DE, or ME, for growth than by shortage of protein.
lmpllcatlons
Decreased neutral detergent fiber concentration in alfalfa relative to orchardgrass promoted greater ad libitum intake and greater daily gain of steers. This difference in neutral detergent fiber concentration caused a reduction in the contribution of gut fii to daily gain and produced an even larger advantage in empty body gain for steers fed alfalfa. Greater empty body gain of steers fed alfalfa contained an increase in protein and even larger proportional increase in fat, resulting in greater energy concentration than in steers fed orchardgrass. These differences in proportions of protein and fat deposited were almost totally a function of the daily energy deposition and were essentially unaffected by forage.
